Introduction
Slope analysis is an often-used method for interpreting and analyzing data from extraction equilibria in order to obtain informat~on on the nature of the extracting species.
1 Centra1 to the application of this method is the assumption that any deviation from the law of mass action is due to the formation of a new chemical species, e.g., a higher complex of the extraction reagent, if the latter's concentration is being increased, or a higher ion association or aggregate, if the concentration of an extracted ionic species is being increased, But as has been pointed 2-7 out, it is unreasonable to ignore all non-specific non-idealities of the extracted species and blame all deviations on new chemi·cal species.
For example, with amine salt systems, the strong electrical interactions between ions in low dielectric-constant media that cause association to ion pairs and ion quadrupoles, etc., surely lead to non-constant activity coefficients for these same ion aggregates. The importance of the analog of the solubility parameter term of regular solution theory has been de-3 scribed in the literature for these same systems, and use of such an activity-coefficient correction was shown to lead to more "chemically sensible" results than unrestricted computer fitting to a large number .
8-11 of ol1gomers. 4 Some years ago one of the present authors described extraction behavior of a half-dozen amine-salt systems that was clearly incompatible with the usual slope analysis procedure of ignoring the activity the assumptions usually used for slope analysis, and because it posed an interesting problem to explain in its own right, .we have examined the origin and generality of such behavior further in this work. We have also considered another type of organic-phase activity coefficient variation arising in certain trioctylphosphine oxide~strong acid extraction systems.
Experimental
Reagents:
The trilaurylamine (TLA), Rhone-Poulenc, qualite nucleaire-99% (to prevent premature hydrolysis) and-2M NaClo 4 . Complete conversion to the amine perchlorate salt was judged by testing for the lack of a visual precipitate with AgN0 3 . It is known that aliphatic amines may react with cc1 4 or nearly 12 any halocarbon, but in this instance the amine salt from either procedure gave the same extraction results.
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The amine·HI salt was made as described auove. But because of the sensitivity of acidic iodide to air oxidation, both the organic and aqueous solutions were caref~lly purged with argon. This removal of oxy~ gen gave amine·HI solutions that were stable for >1 week (no visual for-. mation of brownish r 3 , etc. observed) instead of <1 hour with exposure to air. Details for the preparation of the TOPO solutions can be found else-13 where.
Procedures:
The amine extraction systems were studied by a back-extraction or hydrolysis technique. Starting from standarized ..... Q.S M trilauryl ammonium salt solutions in the organic solvent, a series of solutions were prepared by dilution. These salt solutions (5 or 10 ml) were then shaken for >18 hrs. with SO ml of distilled water for the TLA•HC10 4 systems and with an equal aqueous volume (10 ml) for the TLA•HI systems.
Before equilibration of the TLA•HI systems, radio-iodide (<10-SM) was added to the aqueous phase. After equilibration, phase separation was acceler- Procedures that were used to obtain the distribution data for the TOPO·HReo 4 system are similar to those already outlined elsewhere. 13 Diso tribution measurements for all systems were at room temperature, 24±2 C.
Results and Discussion
The extraction of a strong acid, H+X-, by a solution of trilaurylamine, TLA, in· a low dielectric-constant medium that induces association of the resulting salt to an ion pair or higher aggregate can be described by the reaction,
+ -
nTLA(org).+ nH + nX ~ nTLA•nHX(org) (1) with an equilibrium constant,
Brackets indicate concentrations, parentheses are activities, andy is.a molar activity coefficient. Taking logarithms, eq. 2 can be written,
Thus, a log-log plot of the stoichometric concentration of the organic- But at higher concentrations, the curves deviate upward from a line of unit slope. This is the region that has been of most interest in the literature, 14 and this behavior has almost always been ascribed to a further association of the ion pairs to higher ion aggregates in the low di'electric-
constant me 1um. As just described, the average value of this aggregation, n, at any point can be determined by the tangent of the curve, or the whole curve can be fitted to a small number of oligomers, by hand or by computer, to yield the changing-nature of the amine-salt species, if the activity--7-coefficient ratio of the various oligomers are assumed constant.
As the concentration is increased, the slopes become steeper, indicating the_predominance of still higher and higher species. The limiting slope for such a system of ideal amine-salt aggregates is a vertical asymptote, corresponding to infinite aggregation, the formation of a colloid. But as can be seen in Figure 1 , and less conclusively in the earlier work, 4
with "poor" diluents the curves for these TLA salts actui:llly "backbend" for example, it has a higher dielectric constant, due to the presence of the ion aggregates themselves. In an earlier paper the origin of the backbend was similarly stated as being due to a change in the nature of the diluent leading to enhanced extraction; the increase in dielectric constant was measured 4 but explicitly stated as being only one example of the type Figure 1 suggest a minimum increase in yTLA of 1.3-4.5, a reasonable set of lower limits.
We have described how it is impossible to explain the backbending pehavior of a number of concentrated amine-salt systems using the usual slope analysis method which attributes all deviations from simple ionpair behavior to the formation of higher ion associations, all of which behave ideally (have activity coefficients= 1). Instead we suggest that -10-the increasing proportion of amine salt in the organic phase changes the nature of that phase so much that the activity coefficients of various ion aggregates of the amine salt decrease and that of the amine increases.
To a smaller degree this behavior is also true below the concentration of amine salt at which backbending commences, so that all of the deviation from a straight line of unit slope (pure ion-pair behavior) in that region may not be due to the formation of higher ion associations. Some of the increased extraction is because of the change in the solvent, and so the true degree of aggregation is smaller than that determined by the usual slope analysis methods, whether graphical or by computer. This feature probably explains the rather unusual series of oligomers usually determined by slope analysis of amine-salt systems in "poor" diluents, in which the ion pair is followed by a dimer and then a much higher oligomer, or where even the dimer is skipped and the next smallest ion association is a . . 8-11 tr1mer.
The irregularities are probably false; the true aggregation is less than the apparent value, and the appearance of high oligomers or of a trimer without passing through a dimer species is likely due to the neglect of the non-idealities of the ion dipoles and quadrupoles, in particular of their (attractive) electrostatic interactions with each other in the increasingly concentrated organic phase. If the ideas presented are correct, the irregularities inthe series and the degree of aggregation would become more marked, the more inert and less polar the initial diluent and the higher the charge on the anion, for then the changes in the activity coefficients of the salt species and of the amine would be the larger. 
In fact, the activity coefficient of (R 3 N )(FeC1 4 ) has + . · . 28 been shown to decrease with an increase in R 3 NH Cl-concentrat1on, exactly as expected from the present discussion.
Are there other types of extraction systems that do not allow for simple.slope analysis, and, if so treated, lead to wrong conclusions?
The answer appears to be yes. Consider the extraction of HReo 4 by trioctylphosphine oxide (TOPO) solutions in isooctane. The extraction to an ion-paired product can be expressed:
with the corresponding equilibrium constant 
